ABSTRACT: A magnetic emulsifier is synthesized by using the two-step method. Firstly, Fe3O4 nanoparticles are synthesized and then modified with silane coupling agent 3-(methacryloyloxy) propyltrimethoxysilane (KH-570). Secondly, the final composite particles are synthesized by the reaction between emulsifier octylphenol polyoxyethylene ethe OP-10 (C8H17C6H4O(CH2CH2O)10H) and modified Fe3O4 nanoparticles by silane coupling agent KH-570. After then the products are characterized by Fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), Raman spectroscopy, thermogravimetric analysis (TGA), and X-ray diraction (XRD). The result shows that the mean diameter of Fe3O4 nanoparticles is about 22.7 nm and the silane coupling agent KH-570 can be effectively modified Fe3O4 nanoparticles. In addition, this paper investigated the best hydrolysis conditions of coupling agent and the optimum reaction conditions of silane coupling agent on the Fe3O4 nanoparticles.
INTRODUCTION
Oil and water are mutually insoluble. In order to make the aqueous distribute into the oil, the emulsifier is usually used to make a two-phase immiscible oil emulsion, thus forming a stable emulsion [1] . The majority of the emulsifier used in the emulsion is surfactant, which plays an extremely important role in the emulsification process [2] [3] [4] . Generally, when the emulsifier dispersed in the surface of the dispersoid can be formed a thin film or a double layer, and thus make the dispersed phase with a charge. The droplets of the dispersed phase can prevent condensation from each other, so that a stable emulsion is formed. Emulsifiers have two different kinds of groups: a hydrophobic group and a hydrophilic group. Emulsifier octylphenol polyoxyethylene ethe OP-10 is a non-ionic surface active agent, which is the condensation of ethylene oxide and nonylphenol in the catalyst. OP-10 is widely used, for example, in the pharmaceutical rubber industry, emulsified asphalt in the construction industry, concrete dispersing agents, emulsifying mineral oil. As the metabolites of OP-10 have difficult degradability, bioaccumulative and estrogenic effects, biological development, reproduction and metabolism could be affected by even very low concentrations. Therefore, pollution problems involved should be seriously concerned. It is necessary for us to recover the used OP-10.
A range of Pickering emulsions has attracted increasing interest for practical applications in the development of inorganic/organic particles [5] [6] [7] [8] . Based on the present research situation of iron oxide nanoparticles [9] [10] [11] , the magnetic composite materials are synthetisized in this paper. Therefore, the creation of well-defined organic-inorganic nanohybrid materials [12] with superparamagnetic properties [13] [14] [15] can be dissociated by magnetic separation [16] . A New Approach to Environmental Protection: Recovery of the Emulsifier OP-10 the modified Fe3O4, which can be recycled by magnetic separation. The role of surface modification was characterized by FTIR, SEM, Raman spectra, and TGA. The structure formula of KH-570 is displayed as Figure 1 .
EXPERIMENTAL SECTION

Chemicals and measurements
The experiment required reagents with ferrous sulfate (FeSO4·7H2O), ferric chloride (FeCl3·6H2O), NaOH solutions, methylbenzene (C7H8), ethyl alcohol absolute (C2H6O), silane coupling agent (KH-570), emulsifier OP-10, distilled water. And pH variations were adjusted by oxalic acid (H2C2O4).
A FT-IR spectrum was recorded on a Bruker Tensor 27 spectrometer, using KBr pellets for solids. X-ray diffraction (XRD) patterns were recorded by X-ray diffractometer. The scanning range of 2θ was set between 10 and 80° with scan rate of 0.2 s -1 . Besides, the morphology of the synthesized magnetic composite materials was observed by scanning electron microscopy (SEM), Thermogravimetric Analysis (TGA) and Raman spectra.
Synthetic procedures
To 200 mL of deionized water, 7g of FeSO4·7 H2O and 7g FeCl3·6 H2O were added in clean beaker and then stirred to dissolve fully. Herein, the resulting emulsion was poured into a 250 mL round-bottomed three-neck flask, which was then put into the constant temperature water bath pot. The mixture was heated to 75℃ while stirring, and 70 mL of 3 mol/L NaOH solution was added into the reaction. The reaction was further stirred and heated for 1 hour and then cooled to room temperature. The final product was washed repeatedly with distilled water by magnetic separation to remove any excess of reagent to neutral. Afterward, the particles were directly dried in a vacuum dryer for 18 hours at 60℃.
To 200 mL of deionized water, 1 g of C2H2O4 was added in clean beaker and then stirred to dissolve fully. And 0.04 mol/L aqueous solution of oxalic acid was formulated, which would be employed in the follow-up experiments. 0.9 g silane coupling agent KH-570 taken in a clean beaker was added to 50mL absolute ethanol with continuously stirring for a few minutes. The solution was stirred at pH-values of about 4. For adjusting the pH-value, 0.04 mol /L aqueous solution of oxalic acid was added to the solution. Silane coupling agent KH-570 was hydrolyzed at room temperature for 30, 60 and 80 min, respectively. To this solution, 2 g Fe3O4 was added. After then, the beaker was put into the water bath at 45℃ for different hours (0.5h, 1h, 2 h, and 3h). In the final step, the precipitate was separated by centrifugation (3000 rpm), washed with toluene for three times and dried in vacuum at 60℃.
1g composite product was taken in three-necked flask, and then added 30 mL OP-10 with continuous stirring for 2h at 45℃. Afterwards, the solid was separated by centrifugation. Then they were washed with toluene, dried and grinded.
The hydrolysis of the silane coupling agent
Mechanism of hydrolysis and condensation of the silane coupling agent: In the neutral or alkaline environment, the reaction of hydroxyl group in aqueous solution and silanol in silane coupling agent generated silicone anion. The subsequent silicon of silane coupling agent was taken by silica anion nucleophilic attack while generating dimmers. In this manner, silane coupling agent can be further condensed into a polymer, as shown in the Figure 2 (a) below.
When the hydrolysis reaction system has other polar substances, polarity part with the positive charge of atoms in the material could be offensive by silicone anion of hydrolysis of the silane coupling agent, in addition to the silicon atoms of silane coupling agent, as shown in the Figure 2 Figure 3 shows the crystal structure of the Fe3O4 particles. The characteristic peaks of Fe3O4 particles were at 2θ of 18.438°, 30.144°, 35.633°, 43.169°, 53.624°, 57.180°, and 62.593°. The diffraction peak intensity is high and sharp that crystallization is good. As com-pared with XRD standard card, it conforms to the Fe3O4 standard card PDF # 65-3107. The crystal size of Fe3O4 was 28.2 nm with calculated by using Scherrer's equation: D= Kλ/bcosθ FTIR spectroscopy measurement was performed to examine the chemical structures of the compounds. Characteristic absorption peak may be determined according to the functional groups on the compound. Curve (a) in Figure 4 shows the spectra of According to the experimental results, the best hydrolysis time of coupling agent is 60min. The optimum reaction conditions of silane coupling agent on the Fe 3 O 4 nanoparticles is in a water bath at 45℃ for 1h. Based on the above experimental conditions, the following is obtained for best results.
RESULTS AND DISCUSSION
Characterization of Fe3O4 nanoparticles
Modification of Fe3O4 nanoparticles by silane coupling agent KH-570
From curve (b) in Figure 4 , the peak at 3462 cm −1 was associated with the stretching vibrations of O-H absorbed on the surface of Fe3O4. Due to a small amount of the coupling agent absorbed on the surface of Fe3O4, characteristic peak of Fe3O4 can still be reflected. However, the characteristic absorption bands had some changes. This suggests that dehydration reaction occurred between O-H got from KH-570 hydrolyzed and O-H absorbed on the surface of Fe3O4 nanoparticles. The weak absorption peak at 2924 cm In curve (c) from Figure 4 , the new absorption bands at 2955 cm -1 were due to -CH3 stretching vibration. The bands at 2927 cm -1 and 2867 cm -1 were due to stretching vibration of -CH2-. Peaks for the aromatic ring stretching vibrations were observed at 1600 −1444 cm -1 . In addition, the band near 1129 cm Raman spectrum of Fe3O4/KH-570 particles is showed in Figure 6 . Characteristic Raman peak at 1582cm -1 was associated with the stretching vibrations of benzene ring of OP-10. Another band assigned to the stretching vibrations of -CH2-was also observed at nearly 1423 cm -1 . In addition, the band near 689cm -1 was assigned to -Si(CH3)3 groups. SEM images of Fe3O4 particles were performed to identify the surface morphology of particles. Figure 7 shows SEM images of the surface morphology of the magnetic Fe3O4 particles. Fe3O4 particles had obvious phenomenon of reunion, in which spherical Fe3O4 particles displayed a bumpy surface. By measuring, the mean diameter was about 22.7 nm, which was consistent with the size of 28.2 nm calculated by using Scherrer's equation: D= Kλ/bcosθ Figure 8 shows modified Fe3O4 nanoparticles by KH-570 were spheres in part. Nonetheless, some crystals reunited because of the colliding of nanoparticles during the course of solution volatilization and the magnetic of Fe3O4 nanoparticles. By calculation and measurement, the mean diameter of modified Fe3O4 nanoparticles is larger than that of Fe3O4 nanoparticles. Due to the smooth surface of the particles, we can infer that KH-570 is adsorbed on the surface of Fe3O4 nanoparticles. Figure 9 shows SEM images of OP-10/KH-570 /Fe3O4 composite particles which are reaction product between emulsifier OP-10 and modified Fe3O4 nanoparticles by KH-570. As we can see, the surface of composite particles was covered with uniform, crosslinking chain-like structures. Thus, according to the reaction of composition, it is confirmed that this layer of catenary is the result of reaction occurred between OP-10 and modified Fe3O4. Figure 10 shows the thermal decomposition behavior of the Fe3O4 particles, modified Fe3O4 nanoparticles by KH-570 and OP-10/KH-570/ Fe3O4 composite particles are determined by TGA. Figure 11 shows the rate of weight loss as temperature increases. From the slope of the TGA curves we have obtained the rate of weight loss with respect to temperature ramping. In addition to the TGA curve of Fe3O4 particles, we have observed that the rate of weight loss was 5.5% before 290℃, which was caused by dehydration of the surface of Fe3O4 particles and the surface hydroxyl condensation dehydration.
According to the TGA curve of modified Fe3O4 particles by KH-570, the rate of weight loss was 2.0% before 180℃. There was a greater mass loss at 250-400℃ because of dehydration of the surface of modified Fe3O4 particles and decomposition of grafted KH-570. After the temperature was heated to 400℃, the quality of the particles remained unchanged. There were Fe-O backbone and a small amount of Si-O skeleton. For the comparison of the TGA curve of modified Fe3O4 particles and Fe3O4 particles, the temperature of weightlessness fastest point of modified Fe3O4 particles rises, thermal stability increases, and the DTG curve moves to the high temperature.
In terms of the TGA curve of OP-10/KH-570/Fe3O4, temperature of maximum weight loss rate was about at 250℃. The rate of weight loss was 7.6% at 250-480℃. After the temperature was heated to 480℃, The quality of the particles remained unchanged. Organic components (such as C-C, C-H, C-O) may be decomposed completely.
Settlement of OP-10/KH-570/ Fe3O4 particle
The determination of process: OP-10/ KH-570/ Fe3O4 particle was diluted with water and divided into two parts. One with a magnet is on the bottom of the beaker; the other with natural subsidence. After a certain interval, the transmittance of the supernatant liquid can be measured (580 nm). Figure 12 shows that the transmittance of particles changes very little in gravity field. However, in the magnetic field, with the increase of time, the transmittance rises rapidly. After 1800s, the transmittance is nearly unchanged. This shows modified particles have a good magnetic.
CONCLUSIONS
Within this report, OP-10 /KH-570 /Fe3O4 composite particles were synthesized. The analysis technology of FTIR, TGA, XRD, SEM and Raman were used to test the properties of nanoparticles.
1) Nano-sized Fe3O4 was surface modified with silane coupling agent KH-570. The result shows that the silane coupling agent KH-570 can be successfully modified Fe3O4 nanoparticles. The mean diameter of modified Fe3O4 nanoparticles was larger than that of Fe3O4 nanoparticles.
2) The best hydrolysis conditions of coupling agent: oxalic acid solution has been used as a catalyst; the PH value of the solution was adjusted to about 4, at room temperature for hydrolysis of 60 min. The optimum reaction conditions of silane coupling agent on the Fe3O4 nanoparticles: in a water bath at 45℃ for 1 h.
In brief, on the basis of the concept of environmental protection, magnetic emulsifier was prepared, so the used magnetic emulsifier can be recovered easily.
